Durian (Durio zibethinus Murray), one of the most important fruits in Southeast Asia, is one of 27 species in the family Bombacaceae (Kostermans, 1958) . Within the genus Durio, only durian is widely distributed and cultivated; a few species bear edible fruit (Soegeng-Reksodihardjo, 1962) . The durian is a native of Malaysia and Borneo, but its distribution has spread from Sri Lanka to New Guinea and from Hawaii to northern Australia (Yaccob and Subhadrabandhu, 1995) . Although the fruit has a strong odor, its fl avor has gained wide acceptance in all parts of the world. In recent years, Thailand has been the major producer of durian, with yields increasing from 426,245 metric tons in 1987 to 780,393 metric tons in 1994 (Subhadrabandhu and Ketsa, 2001) .
Durian has an unusual reproductive biology, being a caulifl orous plant (Davis and Bhattacharya, 1974) with most fl ower clusters appearing on primary or secondary scaffold branches. The clusters consist of 5 to 30 fl owers that are hermaphroditic, nocturnal, and strongly odorous (Davis and Bhattacharya, 1974) . Valmayor et al. (1965) observed that all fully developed buds in the Philippines opened ≈1700 HR and all fl ower organs except the pistil abscised by 2300 HR. Most fl owers abscised after anthesis, resulting in low fruit set.
There are several reports that pollination of durian fl ower is mediated by bats at night (Baker, 1969; Soepadmo and Eow, 1977; Subhadrabandhu et al., 1991) , though fl owers are visited by insects during anthesis. The species is thought to be self-incompatible (Somsri, 1987; Subhadrabandhu et al., 1991; Valmayor et al., 1965) , although Subhadrabandhu et al. (1991) stated that orchards planted with a single cultivar in Thailand show no signs of reduced fruit set. Basic information on fl oral differentiation and anthesis is lacking in durian. Therefore, this study focused on the development of fl oral organs from bud emergence to anthesis using the scanning electron microscope (SEM) and stereomicroscope, and investigated the fl owering process of durian fl ower as the fi rst step for elucidating their reproductive biology.
Materials and Methods
PLANT MATERIAL AND SAMPLING. Observations were made in the durian production main area at the Chantaburi Horticultural Research Center (CHRC) in eastern Thailand (Subhadrabandhu, 1993 (Subhadrabandhu, , 1995 . The leading Thai cultivar Mon Thong was used. Numerous fl ower clusters each bearing several buds (≈3 mm in diameter) were tagged on 30 Nov. 2000. Ten or more buds were sampled at random from the tagged clusters on 2, 7, 14, 22, and 28 Dec. 2000 and 4 Jan. 2001 . Buds less than 3 mm in diameter were also collected from nontagged clusters on 2 Dec. for SEM observations. Since fl oral initiation of durian is not strictly synchronous, buds of several stages of fl oral development were obtainable on the same day. Bud diameter and length were measured with a vernier caliper, and all buds (10) were immediately fi xed in FAA solution according to Johansen (1940) and prepared for microscopic observations.
OBSERVATIONS ON THE EARLY STAGES OF FLORAL DIFFEREN-TIATION.
Buds sampled on 2 Dec. were arranged by size, which consisted of the samples <3 mm in diameter without tags and those >3 mm in diameter with tags. Scanning electron microscopy (SEM) was used for observation of fl oral organs. Some were partially dissected by removing the epicalyx, calyx and corolla to disclose inner organs before dehydration in an ethanol series of 30%, 50%, 70%, and 90% followed by 100% ethanol. Ethanol in the samples was replaced by amylacetate and dried by a critical-point dryer (HCP-2; Hitachi Co. Ltd., Japan) using liquid CO 2 . Dried samples were coated with gold in an ion sputter (E-101; Hitachi Nakaseiki Co. Ltd., Japan), and evaluated with a scanning electron microscope (S-2150; Hitachi).
OBSERVATIONS ON THE LATE STAGES OF FLORAL DIFFERENTIA-TION.
Developing buds collected from 2 Dec. to 4 Jan. were cut longitudinally to expose the epicalyx, calyx, petals, stamens and pistils, and photographed with a stereomicroscope (SZX12; Olympus Optical Co. Ltd., Tokyo, Japan). In addition, mature buds on the day before anthesis and on the day of anthesis were collected and the length of their stamens and pistils were measured. TIME-COURSE OF ANTHESIS. To record the process of fl ower opening, those undergoing anthesis were photographed with a digital camera on 30 Dec. from 1600 to 1800 HR at 15-min intervals, at 1900 HR, and at 1200 HR the next day.
Results and Discussion

STRUCTURE OF DURIAN FLOWER.
Durian fl ower buds were caulifl orous and appeared in clusters. One cluster, a cymose infl orescence, consisted of mostly 20 to 30 fl ower buds. Two or three pedicels diverged at the node of peduncle. Flower clusters appeared from November to December on primary or secondary scaffold branches often at vestigial positions where a fl ower cluster had appeared previously. Clusters hung from the branch with their fl owers dangling downward.
At bloom (the beginning of January in CHRC), width of durian fl owers averaged 5 cm and consisted of the epicalyx, calyx, fi ve petals, fi ve bundles of stamens and a pistil (Fig. 1) . The epicalyx formed an envelope that covered the other organs before anthesis. The calyx was crown-like, having fi ve sepals fused at their bases. Petals were creamy yellow and attractive. Stamen bundles consisted of many fused, twisted, branched fi laments having numerous anthers. Each fi lament within bundles fused at its base. The pistil consisted of stigma, style of ≈5 cm length and ovoid ovary.
EARLY DEVELOPMENT OF FLORAL ORGANS. At budbreak (the end of November), buds appeared as small protuberances with scales enclosing numerous fl oral primordia ( Fig. 2A) . As the bud enlarged, the scales and epicalyces expanded revealing fi ve calyx primordia inside the protuberance (Fig. 2B) . Five petals, fi ve Water stress may be essential for tropical and subtropical fruit to induce fl oral initiation. LATE DEVELOPMENT OF FLORAL ORGANS. Between 2 and 7 Dec., the epicalyx became cup-shaped and the calyx and petals were visible within it (Fig. 3A) . Filaments of the stamen and pistil began to elongate, such that on 14 Dec., the stigma, pistil and ovary were fully differentiated (Fig. 3B) . Buds continued enlargement until 4 Jan. (Fig. 3C ) when they were completely mature, just prior to anthesis. No signifi cant morphological change occurred during this period. The size of fl ower buds averaged 24.6 mm in length and 18.2 mm in width just before anthesis on 4 Jan. (Fig.  4) . Equatorial and polar diameter increased proportionately from 2 to 7 Dec., but the polar diameter increased more rapidly than equatorial diameter, such that the bud shape changed from a sphere to an ellipsoid structure. Flower buds were fully mature at the beginning of January. On the day before anthesis, the epicalyx split to expose the calyx (Fig. 3D) . By the following morning, the stamens and pistil doubled in size ( Fig. 3C ; Table 1 ). The pistil length (1.84 cm) was almost equal to that of the stamen (1.81 cm) on the day before anthesis, whereas pistil length (4.40 cm) was greater than stamen length (3.44 cm) just before anthesis. Thus, this change induced heterostyly in this cultivar. The relationship between heterostyly and self-incompatibility has not been determined. However, pollination of durian requires pollen vectors, not wind (Valmayor et al., 1965) . Therefore, heterostyly creates a spatial gap between the anther and stigma that is enough to hinder self-pollination, even if the degree of heterostyly is less than other heterostylous plants such as carambola (Chin and Phoon, 1982; Moncur, 1988) . TIME-COURSE OF ANTHESIS. Bloom lasted throughout January. The time-course of fl ower opening shows that fl owers started to open around 1600 HR and completed opening around 1900 HR. Anther dehiscence occurred toward the end of anthesis. All fl oral organs except for the gynoecium abscised by the next morning. During fl ower opening, insects were attracted by the aromatic nectar secreted from the nectary at the base of each sepal. Bat pollination in durian has been previously reported (Baker, 1969; Soepadmo and Eow, 1977; Subhadrabandhu et al., 1991) . Several features of the durian fl ower (e.g., whitish or creamy petal color, large fl owers, large anthers, caulifl ory) are amenable to bat pollination (van der Pijl, 1961; Faegri and van der Pijl, 1971) . Our data on fl oral structure supports this supposition, but bats were not observed during the experiment. Although insects visited the fl owers, their role as pollinating vectors is unknown. The effective pollination period and the exact time of anther dehiscence should be determined to elucidate the possibility of entomophily, and those results will provide a better understanding of the cause of low fruit set in durian.
Conclusion
In the present report, we confi rmed the structure of durian fl owers and clarifi ed early processes of fl oral organ development by SEM observations, as well as late processes of fl oral stamens and fi ve carpels differentiated acropetally in succession ( Fig. 2C and D) . The stamen primordium developed numerous fi laments with anthers that were fused at their bases to form bundles of stamen (Fig. 2E) . When the diameter of bud was greater than 3 mm, the fi ve carpels fused and formed a stigma (Fig. 2F) . The factors that induce fl oral initiation in durian are yet unknown . Lim and Luders (1998) surmised that several nights below 15°C in Australia could cause the appearance of fl oral protuberances on branches 1 to 2 weeks later, followed by fl owering after 4 to 6 weeks. In Chantaburi, however, temperature is not a factor for fl oral induction because it is relatively constant and the monthly average minimum hovers over 20 °C throughout the year. Water stress or relative humidity could be factors as the rainy season in Chantaburi ends in September and the dry period lasts until May. The start of the dry period in Chantaburi coincides with the time of fl oral initiation. Floral induction by water stress has been reported in mango, carambola (Nakasone and Paull, 1998a, 1998b) and lychee (Menzel, 1983) . development by stereomicroscopic observations. According to our observations, the development of fl oral parts within the bud required more than a month. In addition, our observations revealed a dramatic increase in fl ower bud size the night before anthesis, which induced heterostyly. We propose that heterostyly is associated with avoidance of self-pollination in durian fl ower. Further investigation into the possibility of insect pollination in durian would be necessary for understanding the reproductive biology in durian.
